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(57) ABSTRACT

A signal transmission and reception device and method are
provided. The transmission method comprises generating
multiple optical carriers from a basic optical carrier; modu-
lating optical carriers, except for a predetermined optical
carrier, 1n the optical carriers by using multiple data signals
respectively, to generate multiple optical modulated signals;
and synthesizing the multiple optical modulated signals and
the predetermined optical carrier into a single optical signal,
and transmitting the signal. The reception method comprises
separating an optical signal into multiple optical carriers, the
optical carriers having different frequencies and including a
predetermined optical carrier; generating from the predeter-
mined optical carrier multiple optical waves, frequencies of
which correspond to frequencies of optical carriers, except
for the predetermined optical carrier, 1n the multiple optical
carriers; and demodulating the optical carriers, except for the
predetermined optical carrier, in the multiple optical carriers

by using the multiple optical waves respectively.

6 Claims, 5 Drawing Sheets
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SIGNAL TRANSMISSION AND RECEPTION
DEVICE AND METHOD

This application 1s based upon and claims the benefit of
priority from the prior Chinese Patent Application CN
201110356600.8, filed in the State Intellectual Property

Office ofthe PR.C. on 11 Nov. 2011, the disclosure of which
1s hereby incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

The present mnvention relates generally to optical commu-
nication, and 1n particular to a signal transmitting device and
a signal transmitting method, and a signal receiving device
and a signal receiving method employed in optical commu-
nication.

DESCRIPTION OF RELATED ART

In the field of optical communication, optical orthogonal
frequency division multiplexing (OFDM) has the potential
for use 1n a long distance transmission due to of its charac-
teristics such as high spectrum efficiency, desirable tolerance
on dispersion/polarization mode dispersion, a flexibly
changeable bandwidth, and others. In an optical OFDM sys-
tem, a direct detection mode and a coherent detection mode
have been studied respectively at a recerving side. Since the
coherent detection may recover a complex electric field of a
received signal completely, and may detect information
including intensity, phase, and the like of the signal, the
coherent detection mode yields a higher sensitivity than the
direct detection mode, which has been widely recognized.
However, 1n a conventional coherent detection mode, a local
oscillating optical source that generates a local oscillating
light for demodulation of optical signals 1s provided at the
receiving side, which adds cost to the overall system. Some
researcher has proposed to extract a carrier signal from the
received optical signal at the recerving side to produce a local
oscillating light, but the bandwidth of a receiving signal can
accept a signal carried on a frequency band that corresponds
to the local oscillating light due to the limited bandwidth of an
analog-to-digital converter at the receiving side, which sig-
nificantly limits a spectrum width of a signal at a transmuitting,
side, which in turns affects the transmission rate of a system.

Therefore, it 1s desirable to have a signal transmitting
device and a signal transmitting method and correspondingly
a signal recerving device and a signal receiving method,
which may realize transmission and reception of a signal at a
reduced cost as well as on a wide frequency band.

SUMMARY OF THE INVENTION

The present mvention describes a signal transmitting
device and a signal transmitting method that transmit a signal
on a wide frequency band, thereby improving the transmis-
s1on rate of a system. The present invention also provides a
signal recerving device and a signal receiving method, which
may achieve reception of a signal on a wide frequency band at
a lower cost, thereby reducing the cost of the overall system
and improving the transmission rate of the system.

In some embodiments, a signal transmitting device com-
prising a multi-carrier generating unit for generating multiple
optical carriers from a basic optical carrier, the multiple opti-
cal carriers having frequencies different from each other, and
including the basic optical carrier; a modulation unit for
modulating optical carriers, except for a predetermined opti-
cal carrier, 1n the multiple optical carriers with multiple data
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signals, respectively, so as to generate multiple optical modu-
lated signals; and a synthesizing unit for synthesizing the

multiple optical modulated signals and the predetermined
optical carrier into a single optical signal, and transmitting the
optical signal.

In some embodiments, a signal transmitting method com-
prising generating multiple optical carriers from a basic opti-
cal carrier, the multiple optical carriers having frequencies
different from each other, and including the basic optical
carrier; modulating optical carriers, except for a predeter-
mined optical carrier, in the multiple optical carriers with
multiple data signals, respectively, so as to generate multiple
optical modulated signals; and synthesizing the multiple opti-
cal modulated signals and the predetermined optical carrier
into a single optical signal, and transmitting the optical signal.

In some embodiments, a signal receiving device compris-
ing a separation unit for separating a received optical signal
into multiple optical carriers, the multiple optical carriers
having frequencies different from each other, and including a
predetermined optical carrier; a multi-carrier generating unit
for generating multiple optical waves for demodulation from
the predetermined optical carrier, frequencies of the multiple
optical waves for demodulation corresponding to frequencies
of optical carriers, except for the predetermined optical car-
rier, 1in the multiple optical carriers; and a demodulation unit
for demodulating the optical carriers, except for the predeter-
mined optical carrier, 1n the multiple optical carriers with the
multiple optical waves for demodulation, respectively, so as
to recover data signals.

In some embodiments, a signal recerving method compris-
ing separating a recerved optical signal into multiple optical
carriers, the multiple optical carriers having frequencies dii-
terent from each other, and including a predetermined optical
carrier; generating multiple optical waves for demodulation
from the predetermined optical carrier, frequencies of the
multiple optical waves for demodulation corresponding to
frequencies of optical carriers, except for the predetermined
optical carrier, in the multiple optical carriers; and demodu-
lating the optical carriers, except for the predetermined opti-
cal carrier, in the multiple optical carriers with the multiple
optical waves for demodulation, respectively, so as to recover
data signals.

In some embodiments, the signal transmitting device and
method as described in the above embodiments, multiple
optical carriers are generated from the basic optical carrier,
then the multiple optical carriers, except for a predetermined
optical carrier, are used to transmit data, so that different data
may be transmitted on a wide frequency band, and thereby the
transmission rate of the system may be improved. Addition-
ally, 1n the signal receiving device and method according to
the above embodiments, multiple optical waves generated
from a predetermined optical carrier are used as local oscil-
lating lights to perform demodulation of an optical signal, so
that 1t 1s not necessary to provide a local oscillator at the
receiving side, which reduces the cost of the system, and at
the same time, a transmitted signal may be received on a wide
frequency band, which improves the performance of the sys-
tem.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of
the present invention will become more apparent from the
detailed description of embodiments of the present invention
in conjunction with the attached drawings, in which:

FIG. 1 1s a block diagram showing an optical communica-
tion system according to an embodiment of the imnvention.
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FIG. 2 1s a block diagram showing a signal transmitting,
device according to an embodiment of the invention.

FI1G. 3 1s a block diagram showing a signal recerving device
according to an embodiment of the invention.

FI1G. 4 1s a block diagram showing an exemplary structure
of a demodulation unit shown 1n FIG. 3.

FIG. 5 1s a flow chart showing a signal transmitting method
according to an embodiment of the invention.

FIG. 6 1s a flow chart showing a signal recetving method
according to an embodiment of the 1nvention.

DETAILED DESCRIPTION

A signal transmitting device and method and a signal
receiving device and method according to an embodiment of
the invention will be described below with reference to the
attached drawings.

An optical communication system according to an embodi-
ment of the mvention 1s firstly described with reference to
FIG. 1. The optical communication system 1 comprises a
signal transmitting device 10, an optical fiber 20 and a signal
receiving device 30, and the signal transmitting device 10 1s
connected to the signal recerving device 30 via the optical
fiber 20.

FIG. 2 shows a block diagram of the signal transmitting,
device 10. As shown 1n FIG. 2, the signal transmitting device
10 comprises an optical source 11, a multi-carrier generating
unit 12, a separation unit 13, a data signal source 14, multiple
modulation units 15-1, 15-2, 15-1', 15-2', . . ., and a synthe-
s1Zzing unit 16.

The optical source 11 may be implemented by a single-
frequency laser. It generates a laser (basic optical carrier) with
a frequency of 1, (basic frequency), and outputs the basic
optical carrier to the multi-carrier generating unit 12.

The multi-carnier generating unit 12 generates multiple
optical carners (1., 1,., 15, 1;, 15, . . . ) from the basic optical
carrier (1), the multiple optical carriers having frequencies
different from each other, and including the basic optical
carrier. Depending on actual needs, the multiple optical car-
riers may be generated so that the basic optical carrier 1s
located at any position, relative to the other optical carriers, on
a frequency axis. For example, the basic optical carrier may
be located at the left side or the right side of the other optical
carriers. Alternatively, as shown in FI1G. 2, the optical carriers,
except for the basic optical carrier, in the multiple optical
carriers may be distributed symmetrically at both sides of the
basic optical carrier on the frequency axis, respectively.

The multi-carrier generating unit 12 may be implemented
by a frequency shifter which shiits the basic optical carrier to
multiple different frequency positions on the frequency axis,
respectively, to generate the multiple optical carriers. Alter-
natively, the multi-carrier generating unit 12 may be imple-
mented 1n other manners commonly known in the art. For
example, the multi-carrier generating unit 12 may be imple-
mented by a type of modulator, such as an intensity modula-
tor, a phase modulator or the like, combined with a fiber loop
teedback structure or a non-linear device, e.g., non-linear
optical fiber.

In some embodiments, since the multiple optical carriers
generated by the multi-carrier generating umt 12 are mixed
together, the separation unit 13 recerves the multiple optical
carriers, separates them from each other, and then outputs the
multiple separated optical carriers via, for example, different
paths, as shown i FIG. 2. The separation unit 13 may be
implemented by a plurality of band-pass optical filters having
different pass bands, 1n which case each band-pass optical
filter has a pass band corresponding to one optical carrier,
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filters out (or removes) other optical carriers except for the
one optical carrier that it corresponds to, and output the one
optical carrier. Alternatively, the separation umt 13 may be
implemented by a tunable optical filter, the pass band of
which may be tuned to output the multiple optical carriers
sequentially. Alternatively, the separation unit 13 may be
implemented by a demultiplexer commonly known 1n the art.
In the multiple separated optical carriers, a predetermined
optical carrier in the multiple optical carriers 1s output
directly to the synthesizing unit 16, and the other optical
carriers are output respectively to the multiple modulation
units for modulation. The predetermined optical carrier may
be the basic optical carrier (1), or an optical carrier different
from the basic optical carrier. By way of example, a case
where the predetermined optical carrier 1s the basic optical
carrier 1s shown 1n FIG. 2. In this case, the basic optical carrier
(1,) 1s output directly to the synthesizing unit 16, and the other
optical carriers (1., 1,,, 1;, 1,, ... ) are output respectively to
first input terminals of the multiple modulation units 15-2',
15-1',15-1,15-2, .. ., respectively. In some embodiments, the
multi-carrier generating unit 12 may generate the multiple
optical carriers which are separate from each other rather than
being mixed together, in which case 1t 1s unnecessary to
perform the above separating operation, and instead, the mul-
tiple optical carriers may be output directly from the multi-
carrier generating unit 12 to the synthesizing unit 16 (the
predetermined optical carrier) and the modulation units (the
other optical carriers), thus the separation unit 13 may be
omitted.

The data signal source 14 generates multiple data signals
(2',1',1, 2, ...)carrying data to be transmitted, and provides
the multiple data signals to seconds mput terminals of the
multiple modulation units 15-2', 15-1', 15-1, 15-2, . . .,
respectively. The multiple data signals may carry the same
data or different data.

The multiple modulation units 15-2', 15-1', 15-1, 15-2, . ..
modulate the optical carriers received at their first input ter-
minals (1.e. the other optical carriers except for the predeter-
mined optical carrier, and 1n the example shown 1n FI1G. 2, the
other optical carriers except for the basic optical carrier, the
frequencies of which are 1., 1, 1;, 1, . . ., respectively) by
using the data signals (2',1', 1, 2, . . . ) recerved at their second
input terminals, respectively, so as to generate multiple opti-
cal modulated signals. As shown in FIG. 2, the multiple
optical modulated signals have the same frequencies (center
frequencies) as the frequencies of the optical carriers mput
into the respective modulation units, respectively. The spe-
cific method for the modulation 1s well known 1n the art, thus
a detailed description thereot 1s omitted. The respective opti-
cal modulated signals are provided to the synthesizing unit
16. As can be seen, 1n the embodiment of the invention, the
predetermined optical carrier (e.g. the basic optical carrier) in
the multiple optical carriers 1s not modulated, and only the
other optical carriers are modulated.

The synthesizing unit 16 may be a multiplexer that synthe-
s1zes the multiple optical modulated signals output from the
respective modulation units with the predetermined optical
carrier (as shown i1n FIG. 2 with the example of the basic
optical carrier) into a single (or composite) optical signal, the
schematic waveform of which 1s shown 1n FIG. 2, and trans-
mits the optical signal via the optical fiber 20.

In the signal transmitting device according to the embodi-
ment of the invention, multiple optical carriers are generated
from a single optical carrier, therefore the number of optical
carriers used to carry data may be increased in case of one
optical source, and the total information rate of the optical
communication system may be increased. Furthermore, the
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optical communication system has more flexibility and prac-
ticability by using different data signals to modulate the
respective optical carriers (except for the predetermined opti-
cal carrier) so that the respective optical carriers carry ditler-
ent data.

It 1s to be noted that although one data signal source which
generates multiple data signals 1s shown 1n FI1G. 2, this 1s only
illustrative, and multiple data signal sources may be used,
cach of which generates one data signal and outputs 1t to a
corresponding modulation unit. Alternatively, the signal
transmitting device may not include the data signal source,
and 1nstead, it receives the multiple data signals from outside.
Additionally, 1n one embodiment, optical carriers having 5
frequencies (1., 1, f,, f,, {,) and 4 modulation units are
shown 1 FIG. 2 for simplicity, but this 1s intended as 1llus-
trative, and any number of optical carriers may be generated
according to needs, and correspondingly any number of
modulation units may be provided.

A signal recerving device according to an embodiment of
the invention 1s described with reference to FIG. 3. As shown
in FI1G. 3, the signal receiving device 30 comprises separation
units 31 and 32, a multi-carrier generating unit 33, a separa-
tion unit 34, and a plurality of demodulation units 35-1, 35-2,
35-1', 35-2', . . . The signal receiving device 30 receives the
aforesaid optical signal transmitted from the signal transmut-
ting device 10 via the optical fiber 20. This optical signal 1s
provided to the separation unit 31.

The separation unit 31 separates a predetermined optical
carrier from the optical signal, and outputs 1t into the multi-
carrier generating unit 33. The separated predetermined opti-
cal carrier 1s the same as the above predetermined optical
carrier selected 1n the signal transmitting device, and 1t may
be the atoresaid basic optical carrier or another optical carrier.
(Given the example shown 1n FIG. 2 where the basic optical
carrier 1s used as the predetermined optical carrier, the basic
optical carrier (1,) 1s also used as the predetermined optical
carrier in the example of the signal recerving device shown 1n
FIG. 3. The rest of the optical signal (optical carriers) 1s
output by the separation unit 31 to the separation unit 32. The
separation unit 32 further separates the rest of the optical
signal into multiple optical carriers, as shown in FIG. 3, and
frequencies (center frequencies) of the respective optical car-
riers are consistent with the frequencies of the respective
optical modulated signal generated 1n the signal transmitting
device, respectively. Thus, the received optical signal 1s sepa-
rated 1nto a plurality of optical carriers having frequencies
different from each other by the separation units 31 and 32,
and the frequencies of the plurality of optical carriers are the
same as those of the multiple optical carriers generated 1n the
signal transmitting device, respectively.

Similar to the separation unit 13 described with respect to
FIG. 2, the separation units 31 and 32 may be implemented by
multiple band-pass optical filters, tunable optical filters, or
de-multiplexers, respectively. For example, 1in the example
where the predetermined optical carrier 1s the basic optical
carrier (1,), when the separation units 31 and 32 are imple-
mented by tunable optical filters, respectively, a center of a
pass band of the separation unit 31 may be tuned to the basic
frequency 1, to filter out (remove) optical carriers other than
the basic optical carrier and thus obtain the basic optical
carrier, and a center of a pass band of the separation unit 32
may be tuned to frequency 1, (k=2', 1", 1, 2, ... ), to filter out
optical carriers other than the optical carrier with a frequency
of 1, and thus obtain the optical carrier with a frequency of 1, .
The separation unit 32 outputs the separated multiple optical
carriers (not including the predetermined optical carrier) to
first mput terminals of the respective demodulation units,
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respectively. In the example shown 1n FIG. 3, the separation
unit 32 outputs the separated multiple optical carriers (1,, 1, .,
t,,1,,...,notincluding 1,) to the first input terminals of the
demodulation units 35-2', 35-1', 35-1,35-2, . . ., respectively.

The multi-carrier generating unit 33 1s similar to the multi-
carrier generating unit 12. It generates multiple optical waves
for demodulation from the predetermined optical carrier 1n a
manner similar to that of the multi-carrier generating unit 12.
Frequencies of the multiple optical waves for demodulation
are the same as center irequencies of the respective optical
carriers output from the separation unit 32, respectively. In
the example shown 1n FIG. 3, multiple optical waves for
demodulation (frequencies of which are 1., 1,,, 1;, 1, . . .,
respectively) are generated from the basic optical carrier (1,,).

In some embodiments, when the multiple optical waves for
demodulation generated by the multi-carrier generating unit
33 are mixed together, the separation unit 34 receives the
multiple optical waves for demodulation and separates them
from each other, and outputs the respective separated optical
waves for demodulation to second mput terminals of corre-
sponding demodulation units, respectively. Specifically, 1n
the example shown 1n FIG. 3, the optical wave for demodu-
lation with a frequency of f, (k=2',1', 1, 2, . .. ) 1s input to the
second iput terminal of the demodulation unit which
receives the optical carrier signal with a frequency of {,. In
other embodiments where the multi-carrier generating unit 33
generates multiple optical waves which are separate from
cach other rather than being mixed together, the separation
umt 33 may be omitted.

The demodulation units 35-2, 35-1, 35-1', 35-2', . . .
demodulate the optical carriers input to the first input termi-
nals thereof by using the optical waves for demodulation
input to the second input terminals thereot, respectively, and
thereby recover data signals.

The multiple demodulation units are described 1n more
detail with reference to FIG. 4. Since the structures of the
respective demodulation units are substantially the same, the
demodulation unit 35-% 1s described here as a representative
example.

FIG. 4 shows an exemplary structure of the demodulation
unit. As shown 1n FIG. 4, the demodulation unit 35-4£ com-
prises a hybrid 351 and an optical-to-electrical conversion
umt 352. The optical carrier (the frequency of which 1s 1)
input to the first input terminal of the demodulation unit 35-%
and the optical wave for demodulation (the frequency of
which 1s also 1) mput to the second mput terminal of the
demodulation unit 35-% are mixed 1n the hybrid 351, and the
mixed light (optical signal) 1s output to the optical-to-electri-
cal conversion unit 352. The optical-to-electrical conversion
unit 352 may be implemented by, for example, a photodiode,
and 1t performs an optical-to-electrical conversion on the
mixed optical signal to thereby generate a data signal. It 1s to
be noted that the method of using the hybrid and the optical-
to-electrical conversion unit to demodulate the optical carrier
to generate a corresponding data signal 1s well known 1n the
art, and thus 1s only described briefly here. Beside the struc-
ture shown 1n FIG. 4, other modes commonly known 1n the art
may also used to implement the demodulation of the optical
carriers.

The respective demodulation units 335-2, 35-1, 35-1',
35-2', ... demodulate the multiple optical carriers in the same
manner as the demodulation unit 35-%£ to generate corre-
sponding data signals, thereby realizing reception of the data.

The signal recerving device shown 1n FIG. 3 1s only exem-
plary, and various changes may be made thereto by those
skilled 1n the art without departing the spirit and scope of the
invention. For example, although in the signal receiving
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device shown 1in FIG. 3, the predetermined optical carrier and
the other optical carriers are separated 1n two stages by using
the separation units 31 and 32, 1t 1s also possible to use one
separation unit to separate all optical carriers including the
predetermined optical carrier and the other optical carriers
from the received optical signal. Additionally, only optical
carriers having 5 frequencies (1,, 1,, 1, {,, 1) and 4 demodu-
lation units are shown in FIG. 3 for simplicity, but this 1s only
illustrative, and a corresponding number of optical carriers
may be separated according to the number of frequencies
used 1n the signal transmitting device and a corresponding,
number of demodulation units may be provided.

In the s1ignal receiving device according to the embodiment
of the invention, multiple optical waves for demodulation are
generated from the predetermined optical carrier separated
from the received optical signal, and then are used as “local
oscillating lights” to demodulate the respective optical carri-
ers. In this way, no local oscillating light source for generating
the local oscillating lights are needed, which reduces the cost
of the signal receiving device and accordingly of the optical
communication system. Additionally, since the number (and
frequencies) of the optical waves for demodulation generated
from the predetermined optical carrier may be increased
according to needs, that 1s, the optical waves for demodula-
tion may be generated on a wide frequency band, the optical
carriers on the wide frequency band may be demodulated at
the receiving side so that the receiving side 1s never a bottle-
neck limiting the rate of the optical communication system.

A signal transmitting method and a signal receiving
method according to an embodiment of the invention will be
described. FIG. 5 shows a flow chart of the signal transmitting
method according to an embodiment of the mvention. As
shown 1n FIG. 5, at a transmitting side, multiple optical car-
riers are generated from a basic optical carrier 1n step S501,
the multiple optical carriers having frequencies (1,, 1., 1, 1,
t,, . .. ) different from each other, and including the basic
optical carrier (the frequency of which 1s 1,).

This step may be performed by the multi-carrier generating,
unit as shown in FIG. 2. The basic optical carrier may come
from a single-frequency laser. As described above, the mul-
tiple optical carriers may be generated by shifting the basic
optical carnier to different frequency positions on the fre-
quency axis, respectively, or may be generated from the basic
optical carrier in other manners commonly known 1n the art.
In the generated multiple optical carriers, the basic optical
carrier may be located at any position, relative to the other
optical carriers, on the frequency axis. For example, the opti-
cal carriers, except for the basic optical carrier, 1n the multiple
optical carriers may be distributed symmetrically at both
sides of the basic optical carrier on the frequency axis, respec-
tively. In the case where the multiple optical carriers are
mixed together, the multiple optical carriers are separated
from each other subsequently by using, for example, the
separation unit 13 described above. In the case where the
multiple optical carriers are generated separately from each
other, 1t 1s unnecessary to perform this separation operation.

In step S502, the optical carriers, except for a predeter-
mined optical carrier, 1n the multiple optical carriers are
modulated by using multiple data signals, respectively, so as
to generate multiple optical modulated signals. The optical
carriers except for the predetermined optical carrier may be
modulated with the respective data signals by for example the
multiple modulation units shown 1n FIG. 2. The respective
data signal may carry the same data or different data, and the
predetermined optical carrier may be the basic optical carrier
or any optical carrier other than the basic optical carrier. As
described above, the generated multiple optical modulated
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signals have the same frequencies (center frequencies) as the
frequencies of the optical carriers except for the predeter-
mined optical carrier 1n the multiple optical carriers (i.e. the
optical carriers participating in the modulation), respectively.
The modulation process 1s the same as that described above,
and thus 1s omitted here for simplicity.

In step S3503, the multiple optical modulated signals and
the predetermined optical carrier are synthesized into one
optical signal which 1s subsequently transmitted to a receiv-
ing side via an optical fiber.

It may be seen that, in the signal transmitting method
according to the embodiment of the invention, multiple opti-
cal carriers generated from the basic optical carrier are used to
carry data signals, thus the transmission bandwidth of the
transmitting device may be increased, and the performance of
the optical communication system may be improved. Addi-
tionally, the predetermined optical carrier (e.g., the basic
optical carrier) 1s not modulated, and 1s synthesized directly
into the transmitted optical signal for use 1n subsequent recep-
tion process.

The signal receiving method according to an embodiment
of the invention 1s described below with reference to FIG. 6.
As shown 1n FIG. 6, at the recerving side, the optical signal
received from outside 1s separated into multiple optical car-
riers 1 step S601. The recerved optical signal may be a signal
generated according to the method shown in FIG. 5. The
multiple optical carriers have frequencies (1,, 1, 15,
t,, 1,, ..., which are the same as those of the multiple optical
carriers used 1n the transmitting side, respectively) different
from each other, and 1include a predetermined optical carrier.
The predetermined optical carrier here 1s the same as the
predetermined optical carnier selected at the transmitting
side, and 1t may be the basic optical carrier with a frequency
of 1,, or an optical carrier different from the basic optical
carriet.

As described above, 1t 1s possible to separate the predeter-
mined optical carrier (e.g. the basic optical carrier (1)) from
the optical signal, and then further separate the rest of the
optical signal into multiple optical carniers (e.g. 1., 1.
t,, 1,,...). Alternatively, all of the optical carriers (1,, 1,, 1,
t,, 1,, . .. ) may be generated from the optical signal at one
time.

In step S602, multiple optical waves for demodulation are
generated from the predetermined optical carrier. Frequen-
cies of the multiple optical waves for demodulation are the
same as the frequencies of the optical carriers, except for the
predetermined optical carrier, in the multiple optical carriers.
Subsequently, 1n the case where the generated multiple opti-
cal waves for demodulation are mixed together, the multiple
optical waves for demodulation may be separated 1nto optical
waves dependent from each other by using a separator such as
an optical filter. If optical waves which are separate from each
other are generated from the predetermined optical carrier
(c.g. the basic optical carrier), 1t 1s unnecessary to perform
this separation operation. As described above, the multiple
optical waves may be generated by shifting the predetermined
optical carrier to multiple different frequency positions onthe
frequency axis, respectively, or may be generated in other
manners commonly known 1n the art.

In step S603, the optical carriers (I,), except for the prede-
termined optical carrier, in the multiple optical carriers are
demodulated by using the multiple optical waves for demodu-
lation (1), respectively, to thereby recover data signals. The
demodulation operation may be performed by using the
demodulation units described above with reference to FI1G. 4,
and the detailed description thereof 1s omitted here for sim-
plicity.
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As can be seen, 1n the signal receiving method according to
an embodiment of the invention, instead of using conven-
tional local oscillating optical sources to generate local oscil-
lating lights, the optical waves for demodulation generated
from the predetermined optical carrier separated from the
received optical signal are used as the “local oscillating
lights” to perform demodulation of the optical carriers. Thus,
the local oscillating optical sources may be omitted, which
reduces the cost of the system. Moreover, since 1t 1s possible
to generate the optical waves for demodulation spanning a
wide frequency band from the predetermined optical carrier
(c.g. the basic optical carrier), a received optical signal on a
wide frequency band may be received and demodulated,
which improves the information transmission capability of
the system.

Although the exemplary embodiments of the present
invention have been shown and described, it 1s to be under-
stood by those skilled 1n the art that various changes in form
and details can be made to these exemplary embodiments
without departing from the scope and spirit of the present
invention as defined in the claims and equivalents thereof.

What is claimed 1s:

1. A signal receiving device, comprising: a separation unit
for separating a recerved optical signal into multiple optical
carriers, the multiple optical carriers having frequencies dii-
terent from each other, and including a predetermined optical
carrietr,

a multi-carrier generating unit for generating multiple opti-
cal waves for demodulation from the predetermined
optical carrier, frequencies of the multiple optical waves
for demodulation corresponding to frequencies of opti-
cal carriers, except for the predetermined optical carrier,
in the multiple optical carriers, and

a plurality of demodulation units for demodulating the
optical carriers, except for the predetermined optical
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carrier, in the multiple optical carriers by using the mul-
tiple optical waves for demodulation, respectively, so as
to recover data signals.

2. The device of claim 1, wherein the multi-carrier gener-
ating unit generates the multiple optical waves for demodu-
lation by shifting the predetermined optical carrier to multiple
different frequency positions on a frequency axis respec-
tively.

3. The device of claim 1, further comprising another sepa-
ration unit for separating the multiple optical waves for
demodulation generated by the multi-carrier generating unit
from each other.

4. A signal recerving method, comprising:

separating a recerved optical signal into multiple optical

carriers, the multiple optical carriers having frequencies
different from each other, and including a predetermined
optical carrier;

generating multiple optical waves for demodulation from

the predetermined optical carrier, frequencies of the
multiple optical waves for demodulation corresponding
to Ifrequencies of optical carriers, except for the prede-
termined optical carrier, in the multiple optical carriers;
and

demodulating the optical carriers, except for the predeter-

mined optical carrier, 1n the multiple optical carriers by
using the multiple optical waves for demodulation,
respectively, so as to recover data signals.

5. The method of claim 4, wherein the multiple optical
waves for demodulation are generated by shifting the prede-
termined optical carrier to multiple different frequency posi-
tions on a frequency axis respectively.

6. The method of claim 4, further comprising separating the
multiple optical waves for demodulation from each other.
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